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projecting portion (P) with a locking element

(45, 52) which are essentially parallel with the principal plane of
are positioned essentially outside the outer vertical plane (OP), i.e.

movement of the boards (1, 1°) about the joint edges (4a,
(OP), respectively. d

a final phase of the inwards angling.
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The invention relates to a locking system for mechanical joining of floorboards (1, 17). For horizontal mechanical joining there is a
(8) which cooperates with a locking groove (14) in an adjacent board (1°). A tongue-and-groove
joint (36, 38) for vertical mechanical joining has cooperating upper abutment surfaces (43, 49) and cooperating lower abutment surfaces
the floorboards (1) and of which the lower abutment surfaces (45, 52)

displaced relative to the upper abutment surfaces. The tongue (38)

is movable at an angle into the groove (36) and the locking element (8) is insertable into the locking groove (14) by mutual angular
4b). In the joined state, the cooperating upper abutment surfaces (43, 49) are
limited horizontally inwards from the joint edge and outwards to the joint edge by an inner vertical plane (IP) and an outer
In the joined state there is between said vertical planes (IP, OP)

vertical plane
and under the tongue (38) a space (S), which extends

horizontally from the inner vertical plane (IP) and at least halfway to the outer vertical plane (OP). Such a space can also be formed during
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LOCKING SYSTEM AND FLOORING BOARD

Field of the Invention

The invention generally relates to a locking system
for mechanically joining floorboards. More specifically,
the invention concerns an improvement of a locking sys-
tem of the type described and shown in WO 94/26999. The
invention also concerns a floorboard provided with such
a locking system.

Tt is known that board material can be joined mecha-
nically and that there are many different types of join-
ing systems. The present invention suggests specifically
how a modified tongue-and-groove joint for vertical lock-
ing and a joint for horizontal locking can be designed in
an optimal manner for both function and cost level to be
better than in prior-art designs.

The invention is particularly suited for mechanical
joining of thin floating floorboards, such as laminate
flboring and parquet flooring, and therefore the fol-
lowing description of prior art and the objects and fea-
tures of the invention will be directed to this field of

application, above all rectangular floorboards which have

" a2 wood fibre core having a size of about 1.2 * 0.2 m and

a thickness of about 7 mm and which are intended to be

joined along long sides as well as short sides.

Background Art
Conventional floorboards are usually joined by means

of glued tongue-and-groove joints along their long sides
and short sides. In laying, the boards are moved together
horizontally, a projecting tongue along the joint edge of
a first board being inserted into the groove along the
joint edge of a second board. The same method is used for
long sides as well as short sides. The tongue and groove
are designed merely for such horizontal joining and with
special regard to the design of glue pockets and glue
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surfaces to enable efficient adhesion of the tongue in
the groove. The tongue-and-groove joint has cooperating
upper and lower abutment surfaces which position the
boards vertically to obtain a planar upper surface of the
completed floor.

In addition to such conventional floorings that are
joined by means of glued tongue-and-groove joints, floor-
boards have recently been developed which instead are
mechanically joined and which do not require the use of
glue.

WO 94/26999 discloses a locking system for mechani-
cal joining of building boards, especially floorboards.
The boards can be locked by means of this locking system
both perpendicular to and in parallel with the principal
plane of the boards on long sides as well as short sides.
Methods for making such floorboards are disclosed in
SE 9604484-7 and SE 9604483-9. The basic principles of
designing and laying the floorboards as well as the
methods for making the same that are described in the
above three documents are applicable also to the present
invention, and therefore the contents of these documents
are incorporated by reference in the present description.

With a view to facilitating the understanding and
the description of the present invention, and the under-
standing of the problems behind the invention, a brief
description of floorboards according to WO 94/26999 fol-
lows, reference being made to Figs 1-3. This description
of the prior-art technigue will in applicable parts also
be considered to apply to the following description of
embodiments of the present invention.

A floorboard 1 of known design is illustrated from
below and from above in Figs 3a and 3b, respectively. The
board is rectangular with a top side 2, an underside 3,
two opposite long sides 4a, 4b which form joint edges,
and two opposite short sides 5a, 5b which form joint
edges.
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Both the long sides 4a, 4b and the short sides 5a,

5b can be joined mechanically without any glue in the

" direction D2 in Fig. 1lc. To this end, the board 1 has a

planar strip 6 which is mounted at the factory and which
extends along one long side 4a, said strip extending
along the entire long side 4a and being made of a flex-
ible, resilient aluminium sheet. The strip 6 can be
mechanically fixed according to the embodiment illustrat-
ed, or fixed by means of glue or in some other fashion.
Other strip materials can be used, such as sheet of some
other metal, and aluminium or plastic sections. Alterna-
tively, the strip 6 can be integrally formed with the
board 1, for example by some suitable working of the body
of the board 1. However the strip 6 is always integrated
with the board 1, i.e. it is not mounted on the board 1
in connection with laying. The width of the strip 6 can
be about 30 mm and its thickness about 0.5 mm. A similar,
although shorter strip 6' is arranged also along one
short side 5a of the board 1. The edge side of the strip
4 facing away from the joint edge 4a is formed with a
locking element 8 extending along the entire strip 6. The
locking element 8 has an active locking surface 10 facing
the joint edge 4a and having a height of, for instance,
0.5 mm. In connection with laying, the locking element 8
cooperates with a locking groove 14, which is formed in
the underside 3 of the opposite long side 4b of an adja-
cent board 1'. The short side strip 6' is provided with a
corresponding locking element 8' and the opposite short
side 5b has a corresponding locking groove 14'.

For mechanical joining of long sides as well as
short sides also in the vertical direction (direction D1
in Fig. 1c), the board 1 is also formed, along one long
side 4a and one short side 5a, with a laterally open
recess 16. The recess 16 is defined downwards by the
associated strips 6, 6'. At the opposite edges 4b and 5b
there is an upper recess 18 defining a locking tongue 20
cooperating with the recess 16 (see Fig. 2a).
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Figs la-1lc show how two such boards 1, 1' can be

joined by downwards angling. Figs 2a-2c show how the

" poards 1, 1' can instead be joined by snap action. The

long sides 4a, 4b can be joined by both methods, whereas
the short sides 5a, 5b - after laying of the first row -
are normally joined after joining of the long sides, and
merely by snap action. When a new board 1' and a pre-
viously laid board 1 are to be joined along their long
sides according to Figs la-lc, the long side 4b of the
new board 1' is pressed against the long side 4a of the
previously laid poard 1 according to Fig. la, so that the
locking tongue 20 is inserted into the recess 16. The
board 1' is then angled downwards to the subfloor 12
according to Fig. 1b. Now the locking tongue 20 complete-
ly enters the recess 16 while at the same time the lock-
ing element 8 of the strip 6 enters the locking groove
14. During this downwards angling, the upper part of the
locking element 8 can be active and accomplish a guiding
of the new board 1' towards the previously laid board 1.
In the joined state according to Fig. lc, the boards 1,
1' are locked in both D1 direction and D2 direction, but
can be displaced relative to each other in the longitudi-
nal direction of the joint.

Figs 2a-2c illustrate how also the short sides 5a
and 5b of the boards 1, 1' can be mechanically joined
in both D1 and D2 direction by the new board 1' being
moved essentially horizontally towards the previously
1aid board 1. This can be carried out after the long
side 4b of the new board 1' has been joined as described
above. In the first step in Fig. 2a, bevelled surfaces
adjacent to the recess 16 and the locking tongue 20
cooperate so that the strip 6' is forced downwards as a
direct consequence of the joining of the short gides 5a,
5b. During the final joining, the strip 6' snaps upwards
as the locking element 8' enters the locking groove 14°'.
By repeating the operations shown in Figs 1 and 2, the

laying of the entire floor can be made without glue and
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along all joint edges. Thus, prior-art floorboards of the
above-mentioned type are mechanically joined by, as a
rule, first being angled downwards on the long side, and
when the long side is locked, the short sides are snapped
together by horizontal displacement along the long side.
The boards 1, 1' can be taken up again in reverse order,
without damaging the joint, and be laid once more.

In order to function optimally, the boards, after
being joined, should along their long sides be able to
take a position where there is a possibility of a small
play between the locking surface 10 and the locking
groove 14. For a more detailed description of this play,
reference is made to WO 94/26999.

In addition to the disclosure of the above-mentioned
patent specifications, Norske Skog Flooring AS (licensee
of valinge Aluminium AB) introduced a laminate flooring
with a mechanical joining system according to WO 94/26999
in January 1996 in connection with the Domotex fair in
Hannover, Germany. This laminate flooring marketed under
the trademark Alloc® is 7.6 mm thick, has a 0.6 mm alumi-
nium strip 6 which is mechanically fixed on the tongue
side and the active locking surface 10 of the locking
element 8 has an inclination of about 80° to the plane
of the board. The vertical joint is formed as a modi-
fied tongue-and-groove joint, where the term "modified"
relates to the possibility of joining groove and tongue
by inwards angling.

WO 97/47834 (Unilin) discloses a mechanical joining
system which is essentially based on the above prior-art
principles. In the corresponding product which this
applicant has begun to market in the latter part of 1997,
biasing between the boards is strived for. This leads
to high friction and difficulties in angling together and
displacing the boards. The document shows a plurality of
embodiments of the locking system.

Other prior-art locking systems for mechanical join-
ing of board material are disclosed in GB 2,256,023,



10

15

20

25

30

35

WO 99/66151 PCT/SE99/00933

6

which shows one-sided mechanical joining for the provi-
sion of an expansion joint, and in US 4,426,820, which
shows a mechanical locking system which, however, does
not allow displacement and locking of short sides by snap

action.

Summary of the Invention
Although the flooring according to WO 94/26999 and
the flooring marketed under the trademark Alloc® have

great advantages compared with conventional, glued
floors, additional improvements are desirable. There are
today no known products or methods which result in suf-
ficiently good solutions to the problems, requirements
and desiderata stated below and related to (i) manufac-
ture of floorboards with mechanical locking systems of
the type stated, (ii) handling and laying of such floor-
boards, and (iii) properties of a finished, joined floor

prepared from such floorboards.

(i) Manufacture

In connection with the manufacture of the floor-
boards, the following problems, requirements and desi-
derata exist:

1. It is known that angling-together of the floorboards
can be carried out with a tongue whose lower front
part follows a circular arc. If this lower front
part of the tongue should constitute a lower abut-
ment surface against the groove in the joined state,
the lower abutment surface of the groove must be
made with a corresponding arcuate shape to fit the
tongue in the locked position. This solution suffers
from the drawback that it regquires the making of
arcuate surfaces and, consequently, a very accurate
adjustment of the wood-working tools both vertically
and horizontally.

2. From the viewpoint of manufacture it is desirable
for the abutment surfaces of the groove which are
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to cooperate with the abutment surfaces of the
tongue to be planar and parallel with the floor
surface since narrow tolerances for the abutment
surfaces of the tongue-and-groove joint (a few
hundredth parts of a mm) can then be obtained with-
out a critical horizontal adjustment of the wood-
working tools being necessary for the forming of
tongue and groove.

The manufacture is facilitated if there are as many
degrees of freedom as possible in respect of tole-
rances of manufacture. It is therefore desirable
that the number of critical abutment and guide sur-
faces be limited as much as possible without lower-
ing the standards of perfect quality in the joined
state with small joint gaps and limited vertical
difference (in the order of 0.1 mm) and excellent
function in the angling upwards and downwards in
connection with laying and removal.

To make it possible to form the groove by means of
horizontally operating wood-working tools in the
case where the projecting portion is made in one
piece with the body of the board, it is a great
advantage if the locking element of the projecting
portion is positioned under the lower abutment sur-
face of the groove or on a level therewith. The
working tools can then be inserted horizontally
towards the joint edge above the locking element.

To achieve less waste of material when machining the
boards for making the locking system, it is advanta-
geous if the tongue projects to a minimum extent in
the horizontal direction outside the joint edge. The
bigger the tongue, the more material must be removed

above and below the tongue.
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(ii) Handling/Laying

In connection with handling and laying of the floor-

boards, the following problems, requirements and deside-

rata exist:

1.

It must be possible to join the long sides of the
boards by angling together about the upper joint
edges of the boards. In the angling together, it
must be possible to insert the tongue in the groove,
which necessitates a modification of the design of
conventional, glued tongue-and-groove joints which
only need to be pushed together horizontally.

It should be possible to carry out the inwards angl-
ing so that the vertical fit between tongue and
groove can occur with maximum accuracy or tolerance
to obtain good vertical locking of the completed
floor. With prior-art tongue-and-groove joints it

is difficult to satisfy such a requirement for a
good fit in the joined state and at the same time
achieve an optimal function in the inwards angling.
For easy laying without any undesired resistance, it
is at the same time a wish that the tongue need not
be pressed or forced into the groove during the
angling movement.

Known mechanical locking systems suffer from draw-
backs relating to the undesired possibility of back-
wards angling, i.e. the possibility of turning two
joined boards relative to each other and downwards
about the joint edge, i.e. past the horizontal posi-
tion. In the above prior-art flooring in Figs 1-3,
it is only the rigidity of the aluminium strip that
restricts the possibility of backwards angling. When
a user handles the boards it would be advantageous
if backwards angling was made difficult or could be
prevented since it would then not be possible for
consumers to open the boards in an incorrect manner
in connection with testing and thus damage or bend

the projecting portion, i.e. the aluminium strip in
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Figs 1-3. A solution where the strip is made more
rigid is in opposition to the requirement that the
strip must be bendable and resilient to achieve a
good snap-in function.

If it should also be possible to take up the locking
system, generally the same requirements and deside-
rata for upwards angling are applicable as for down-

wards angling.

(iii) Properties of the Joined Floor

For the completed, joined floor the following prob-

lems, requirements and desiderata exist:

1.

2.

3.

With a view to preventing undesirable vertical dis-
placement between the joint edges of the boards of
the completed floor, there should be a close verti-
cal fit between tongue and groove.

Curved abutment surfaces constitute a disadvantage
not only from the viewpoint of manufacture. A high
horizontal tension load on the joint, which may
arise especially owing to shrinkage at low relative
humidity, can in combination with curved abutment
surfaces of the tongue-and-groove joint cause unde-
sirable vertical displacement and/or undesirable
vertical play if the tension load causes the boards
to slide away somewhat from each other. It is there-
fore desirable for the abutment surfaces of the
groove that are to cooperate with the abutment sur-
faces of the tongue to be planar and parallel with
the floor surface.

Also for the completed floor it is preferable to
counteract or prevent backwards angling of the
floorboards about the joint edges. When a complet-
ed floor swells in summe€r, it is possible - if the
possibility of backwards angling is prevented - to
counteract rising of the floorboards. This is parti-
cularly important for large floors with a consider-
able degree of load and swelling.
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4. The depth of the groove should be minimised since
drying in winter may cause what is referred to as
edge rising if the groove is weakened by being mill-
ed out to a great extent, i.e. by having a great
depth. This wish for a limited depth of the groove
is particularly important for mechanically joined
floors where the edges are not held together by

means of glue.

Known vertical and horizontal joints for mechanical-
ly joined floorboards do not satisfy the above-identified
requirements, problems and desiderata and are therefore
not optimal in respect of function and production cost.

The general problem and the object of the invention
thus are to provide a mechanical locking system of the
type described above, which permits inwards angling from
above, which counteracts backwards angling and which
yields an exact fit between tongue and groove, while at
the same time the manufacture can be optimised in respect
of accuracy, number of critical parameters and costs of
material.

Summing up, there is a great demand for providing
a locking system of the type stated above which to a
greater extent than prior art takes the above-mentioned
requirements, problems and desiderata in consideration.
An object of the invention is to satisfy this demand.

These and other 6bjects of the invention are achiev-
ed by a locking system and a floorboard which have the
features stated in the independent claims, preferred
embodiments being defined in the dependent claims.

The invention is based on the understanding that
with prior-art locking systems it is difficult to solve
all the above problems and desiderata at the same time,
which means that a modification of the locking systems
is necessary. The invention is specifically based on the
understanding that essentially all the above-mentioned

‘requirements, problems and desiderata can be satisfied
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if the known tongue-and-groove joint is modified in a
special manner. When developing mechanical locking sys-
tems, one has traditionally started from the design of
the glued tongue-and-groove joint. From this starting
point, the known vertical joint has then been supple-
mented with a horizontal lock and the tongue-and-groove
joint has been modified so that inwards angling can more
easily be carried out from above. However, what has not
been taken into consideration in this development is
that in a mechanical system it is not necessary to be
able to glue tongue and groove together in an efficient
way. Since gluing is not necessary, there is free scope
for modifications of the known tongue-and-groove joint.
Free scope for modifications is also allowed by the fact
that known glued tongue-and-groove joints also serve to
ensure horizontal joining (by means of glue), which
requirement does not exist in mechanical locking systems
of the type to which the invention is directed.
According to a first aspect of the invention, a
locking system is provided for mechanical joining of
floorboards, said locking system comprising a tongue-and-
groove joint, the groove and tongue of which have coope-
rating upper abutment surfaces and cooperating lower
abutment surfaces for vertical locking of two joint edges
of two adjacent floorboards, said upper and lower abut -
ment surfaces being essentially parallel with the princi-
pal plane of the floorboards, and said locking system
comprising, for horizontal mechanical joining of the
joint edges perpendicular to the same, a locking groove
formed in the underside of a first one of the joint edges
and extended in parallel therewith, and a portion pro-
jecting from the second joint edge and integrated with a
body of the floorboard, said portion supporting, at a
distance from the joint edge, a locking element cooperat-
ing with the locking groove, wherein said tongue is angl-
able into the groove, and wherein said locking element is
insertable into the locking groove by a mutual angular
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motion of the boards about the joint edges. The locking
system according to the invention is characterised in

that, in the joined state, the cooperating upper
abutment’ surfaces are limited horizontally inwards from
the joint edge and horizontally outwards to the joint
edge by an inner vertical plane and an outer vertical
plane, respectively;

that the tongue-and-groove joint is so designed that
there is in the groove, in the joined state, between the
inner vertical plane and the outer vertical plane and
below the tongue, a space which extends horizontally from
the inner vertical plane and at least halfway to the
outer vertical plane;

that the tongue-and-groove joint is further so
designed that the boards, during a final phase of the
inwards angling when the locking element is inserted
into the locking groove, can take a position where there
is a space in the groove between the inner and the outer
vertical plane and below the tongue; and

that the lower abutment surfaces are positioned
essentially outside the outer vertical plane.

By the expression "cooperating abutment surfaces" is
meant surfaces of tongue and groove which in the joined
state of the floorboards either engage each other direct-
ly in the vertical direction or at least are in such
immediate vicinity of each other in the vertical direc-
tion that they can be made to contact each other to pre-
vent the boards from being relatively offset in the ver-
tical direction. Thus, within the scope of the invention
there can especially be horizontal surfaces of both the
tongue and the groove which do not form any "cooperating
abutment surface", but which can have some other specific
function.

In a conventional tongue-and-groove joint, both
upper and lower abutment surfaces are, as a rule, locat-
ed in the inner part of the groove. With planar abutment
surfaces in the inner part of the groove, it is not pos-
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sible to achieve a good fit as well as optimal inwards
angling. If tongue and groove are equilaterally designed
on the upper and lower side, the floorboards are just as
easy to angle upwards as downwards/backwards.

A locking system according to the invention, how-
ever, can exhibit, both during the final inwards angling
and in the joined state, a space in the groove under the
tongue. Thanks to this space, the tongue can unimpededly
be angled into the groove when two boards are joined by
being angled together. Moreover, the locking system can
be so designed that the angling together can take place
while the boards are held in mutual contact at the upper
corner portions of the adjacent joint edges. Despite the
provision of this space in the groove under the tongue,
it is according to the invention possible to achieve an
exact vertical fit between tongue and groove in the join-
ed state thanks to the fact that the lower abutment sur-
faces are, at least in large part, horizontally displaced
outside the upper abutment surfaces.

The present invention solves, at the same time, the
problem of undesirable backwards angling of the boards
thanks to the lower abutment surfaces being displaced
relative to the upper abutment surfaces in the direction
of the locking element. In the known locking systems,
it is only the rigidity of the projecting portion that
limits the backwards angling. In the invention, however,
said displacement accomplishes an angular limitation of
the movement of the tongue that effectively counteracts
any angling of the tongue past its intended position in
the groove, i.e. that counteracts backwards angling of
the boards.

The invention also presents the advantage that manu-
facture can be carried out with working tools which ope-
rate only in the plane of the floorboards, thanks to the
fact that no curved surfaces are necessary in the tongue-
and-groove joint. The tolerances of the vertical fit can
thus be made considerably better. The space in the groove
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under the tongue thus solves not only a problem relat-
ing to inwards angling, but also solves the problem of
achieving an exact vertical fit between the boards. Thus
the space has a function both during the inwards angling
and in the joined state.

Moreover the use of essentially plane-parallel abut-
ment surfaces in the tongue-and-groove joint means avoid-
ing the above-mentioned problems with vertical displace-
ment and/or play caused by any horizontal tension load on
the joint. Completely planar, horizontal surfaces are
ideal, but there should be a possibility of implementing
the invention with surfaces that marginally deviate from
this ideal design.

To sum up, the present invention provides a lock-
ing system for mechanical joining, which permits inwards
angling from above, counteracts backwards angling and
yields an exact fit between tongue and groove. Inwards
angling can be carried out without any vertical play
between tongue and groove and without necessitating open-
ing of the groove when the tongue is pressed in. The
depth of the tongue and groove does not affect the possi-
bility of inwards angling and the fit between tongue and
groove or the relative position of the floorboards. Back-
wards angling is counteracted, and the groove can be
manufactured rationally by means of horizontally operat-
ing tools which also permit manufacture of the locking
device in a machined wood fibre strip.

In a preferred embodiment, the space in the groove
under the tongue, in the joined state, is horizontally
extended essentially all the way from the outer vertical
plane to the inner vertical plane. Thus, in this embodi-
ment there is in the joined state a space over essen-
tially the entire horizontal range in the groove, within
which the cooperating upper abutment surfaces are extend-
ed. In this embodiment, essentially no part of the lower
abutment surfaces are positioned inside the outer verti-
cal plane. In theory, this embodiment would be the most
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ideal one since the vertical fit between tongue and

groove can then be optimised while at the same time the

' tongue can unimpededly be inserted into the groove. How-

ever, within the scope of the invention, there is a pos-
sibility of the lower abutment surfaces extending some-
what inwards in a direction towards the bottom of the
groove past the outer vertical plane.

The space under the tongue can be limited downwards
by a planar, horizontal surface of the groove, whose
extension to the edge joint forms the lower abutment
surface of the groove, or by a groove surface which is
inclined to the horizontal plane or arcuate, or a combi-
nation of a planar surface and an inclined/aréuate sur-
face of the groove.

Generally, the space in the groove under the tongue
can be formed by the tongue being bevelled/cut away, or
by the groove being hollowed out.

In an embodiment which is preferred in respect of
horizontal tolerances in manufacture, the groove has in
the joined state an upper and a lower horizontal surface,
which constitute inwardly directed extensions of the
upper abutment surface and the lower abutment surface,
respectively, of the groove, and there is also an inner
horizontal play between the bottom of the groove and the
tip of the tongue. Owing to the inwardly directed exten-
sions of the abutment surfaces of the groove as well as
the play between the groove and the tongue at the bottom
of the groove, working of tongue and groove in the hori-
zontal direction can be carried out without strict tole-
rance requirements in the horizontal direction while at
the same time it is possible to ensure both an exact ver-
tical fit of the boards and unimpeded inwards angling.

According to the invention, the projecting portion
is integrated with a body of the board. The term "inte-
grated" should be considered to comprise (i) cases where
the projecting portion is made of a separate component
integrally connected with the body at the factory, (ii)
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cases where the projecting portion is formed in one piece
with the body, and (iii) a combination of (i) and (ii),
i.e. cases where the inner part of the projecting portion
is formed in one piece with the body and its outer part
consists of a separate factory-mounted component.

According to a second aspect of the invention, a
floorboard is provided, having a locking system according
to the invention, on at least two opposite sides and pre-
ferably on all four sides to permit joining of all sides
of the floorboards.

These and other advantages of the invention and
preferred embodiments will appear from the following
description and are defined in the appended claims.

Different aspects of the invention will now be
described in more detail by way of examples with refe-
rence to the accompanying drawings. Those parts of the
inventive board which have equivalents in the prior-art
board in Figs 1-3 are provided with the same reference

numerals.

Brief Description of the Drawings

Figs la-c show in three steps a downwards angling

method for mechanical joining of long sides of floor-

boards according to WO 94/026999.

Figs 2a-c show in three steps a snap-in method for
mechanical joining of short sides of floorboards accord-
ing to WO 94/26999.

Figs 3a and 3b illustrate a floorboard according to
WO 94/26999 seen from above and from below, respectively.

Fig. 4 shows a floorboard with a locking system
according to a first embodiment of the invention, an
adjacent floorboard being broken away.

Fig. 5 is a top plan view of a floorboard according
to Fig. 4.

Fig. 6a shows on a larger scale a broken-away cor-
ner portion Cl1 of the board in Fig. 5, and Figs 6b and
6c illustrate vertical sections of the joint edges along
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the long side 4a and the short side 5a of the board in
Fig. 5, from which it specifically appears that the long
side and the short side are different.

Figs 7a-c illustrate a downwards angling method
for mechanical joining of long sides of the floorboard
according to Figs 4-6.

Figs 8a-c illustrate a snap-in method for mechanical
joining of short sides of the floorboard according to
Figs 4-6.

Fig. 9 illustrates a floorboard with a locking sys-
tem according to a second embodiment of the invention.

Figs 10a and 10b illustrate on a larger scale broken
away details corresponding to Fig. 9 and the importance
of a space in the inner part of the groove during inwards
angling and in the joined state, respectively.

Fig. 11 illustrates the making of the groove in the
floorboard in Fig. 9.

Description of Preferred Embodiments

A first preferred embodiment of a floorboard 1 pro-
vided with a locking system according to the invention
will now be described with reference to Figs 4-7. Fig. 4
is a sectional view of a long side 4a of the board 1,
and also part of a long side 4b of an adjacent board 1.
The body of the board 1 consists of a core 30 of, for
instance, wood fibre, which supports a top laminate 32
on its front side and a balance layer 34 on its rear
side. The board body 30-34 is rectangular with long sides
4a, 4b and short sides 5a, 5b. A separate strip 6 with a
formed locking element 8 is mounted at the factory on the
body 30-34, so that the strip 6 constitutes an integrated
part of the completed floorboard 1. In the Example shown,
the strip 6 is made of resilient aluminium sheet. As an
illustrative, non-limiting example, the aluminium sheet
can have a thickness in the order of 0.6 mm and the
floorboard a thickness in the order of 7 mm. For addi-
tional description of dimensions, possible materials,



10

15

20

25

30

35

WO 99/66151 PCT/SE99/00933

18

etc. for the strip 6, reference is made to the above
description of the prior-art board.

The strip 6 is formed with a locking element 8,
whose active locking surface 10 cooperates with a locking
groove 14 in the opposite joint edge 4b of the adjacent
board 1' for horizontal interlocking of the boards 1, 1!
transversely of the joint edge (D2).

For the forming of a vertical lock in the D1 direc-
tion, the joint edge 4a has a laterally open groove 36
and the opposite joint edge 4b has a laterally projecting
tongue 38 (corresponding to the locking tongue 20), which
in the joined state is received in the groove 36. The
free surface of the upper part 40 of the groove 36 has a
vertical upper portion 41, a bevelled portion 42 and an
upper planar, horizontal abutment surface 43 for the
tongue 38. The free surface of the lower part 44 of the
groove 36 has a lower inclined surface 45', a lower
planar, horizontal abutment surface 45 for the tongue 38,
a bevelled portion 46 and a lower vertical portion 47.
The opposite joint edge 4b (see Fig. 7a) has an upper
vertical portion 48, and the tongue 38 has an upper
planar, horizontal abutment surface 49, an upper bevelled
portion 50, a lower bevelled portion 51 and a lower
planar, horizontal abutment surface 52. In the joined
state according to Figs 4, 7c and 8c, the boards 1, 1'
are locked relative to each other in the vertical direc-
tion D1. An upwards movement of the board 1' is counter-
acted by engagement between the upper abutment surfaces
43 and 49 while a downwards movement of the board 1' is
counteracted on the one hand by engagement between the
lower abutment surfaces 45 and 52 and, on the other hand,
by the board 1' resting on a lower surface portion 7 of
the strip 6.

In the joined state, the two juxtaposed upper por-
tions 41 and 48 define a vertical joint plane F. In the
Figures, an inner vertical plane IP and an outer verti-
cal plane OP are indicated. The inner vertical plane IP
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is defined by the inner boundary line of the upper abut-

ment surfaces 43, 49 while the outer vertical plane OP is
defined by the outer boundary line of the upper abutment

surfaces 43, 49.

As is evident from Fig. 4, the lower part 44 of the
groove 36 is extended a distance outside the joint plane
F. The lower planar, horizontal abutment surface 45 of
the groove 36 thus is positioned partially inside and
partially outside the joint plane F while the upper abut-
ment surface 43 of the groove 36 is positioned completely
inside and at a distance from the joint plane F. More
specifically, the upper abutment surface 43 of the groove
36 is in its entirety positioned between the vertical
planes IP and OP while the lower abutment surface 45 of
the groove 36 is in its entirety positioned outside the
vertical plane OP and extends partially outside the joint
plane F. The significance of these circumstances will be
described below.

The joint edge 4a is in its underside formed with
a continuous mounting groove 54 having a vertical lower
gripping edge 56 and an inclined gripping edge 58. The
gripping edges formed of the surfaces 46, 47, 56, 58
together define a fixing shoulder 60 for mechanical fix-
ing of the strip 6. The fixing is carried out according
to. the same principle as in the prior-art board and can
be carried out with the methods described in the above
documents. A continuous lip 62 of the strip 6 is thus
bent round the gripping edges 56, 58 of the groove 54
while a plurality of punched tongues 64 are bent round
the surfaces 46, 47 of the pfojecting portion 44. The
tongues 64 and the associated punched holes 65 are shown
in the broken-away view in Fig. 6a.

Reference is now made to Figs 7a-c. The angling
together of the long sides 4a, 4b can be carried out
according to the same principle as in Figs la-c. In this
context, a small downwards bending of the strip 6 can
generally be carried out - not only for this embodiment -
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as shown in the laying sequence in Figs 7a-c. This down-
wards bending of the strip 6 together with an inclination
of the locking element 8 makes it possible for the boards
1, 1' to be angled downwards and upwards again with very
tight joint edges at the upper surfaces 41 and 48. The
locking element 8 should preferably have a high guiding
capability so that the boards in connection with down-
wards angling are pushed towards the joint edge. The
locking element 8 should have a large guiding part. For
optimal function, the boards, after being joined and
along their long sides 4a, 4b, should be able to take

a position where there is a small play between locking
element and locking groove, which need not be greater
than 0.02-0.05 mm. This play permits displacement and
bridges width tolerances. The friction in the joint
should be low.

Figs 8a-c illustrate that snapping together of the
short sides 5a, 5b can be carried out according to the
gsame principle as in Figs 2a-c. However, the locking sys-
tem on the short sides in this embodiment is designed
differently from the long sides and is specifically
adapted for snapping in by vertical displacement and
downwards bending of the strip. One difference is that
the projecting portion P - here in the form of an alu-
minium strip 6' - on the short sides 5a, S5b is arranged
on the same joint edge 5a as the tongue 38' while the
locking groove 14' is formed in the same joint edge 5b as
the groove 36. A further difference is that the locking
element 8' on the short sides is somewhat lower than the
locking element 8 on the long sides. In this embodiment,
it is bevelled undersides of the tongue and groove which
cooperate to obtain this vertical displacement and snap-
ping in. Moreover, it may be particularly noted that the
embodiment in Figs 8a-c in fact has double tongue-and-
groove joints, one tongue and one groove on each joint
edge, both joints being designed according to the inven-
tion with displaced upper and lower abutment surfaces.
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Fig. 9 shows a second embodiment of a locking sys-
tem according to the invention. In contrast to the embo-
diment in Figs 4-8, the projecting portion P is formed,
by machining, in one piece with the body of the board 1.
The body can be composed of the same materials as in the
previous embodiment. In Fig. 9, the vertical planes IP,
OP and F are also indicated according to the previous
definition. Like in the preceding embodiment, the lower
abutment surfaces 45, 52 are entirely displaced outside
the outer vertical plane OP.

Fig. 10a shows on a larger scale how a downwards
angling of the tongue 38 in the embodiment in Fig. 9 has
already begun. As described above, the tongue 38 ig in
its lower part defined by a planar abutment surface 52
and a bevelled portion 51. The groove 36 in Fig. 9, how-
ever, is fully planar at the bottom, i.e. the planar,
horizontal surface 45 extends all the way to the bottom
of the groove 36. Reference numerals 52' and 51' indicate
boundary lines of a prior-art tongue. As is clearly to be
seen from the Figure, it would with such a known design
not be possible to easily angle the tongue 38 inwards
into the groove 36 since the corner portion 53 of the
tongue 38 would strike against the surface 45 of the
groove 36. Such a tongue would therefore have to be
pressed into the groove if at all possible. Alternative-
ly, it would be necessary to make the groove 36 higher,
which would result in an undesirable play in the vertical
direction.

It is evident from Fig. 1l0a, however, that according
to the invention there may, during the inwards angling,
be a space S under the tongue 38 between the vertical
planes IP and OP, which permits the tongue to be inward-
ly angled into the groove. In this embodiment and in the
illustrated angular position, this space S extends all
the way between the vertical planes IP and OP.

Fig. 10b shows the embodiment in Fig. 9 in the join-

ed state. In the area between the inner and outer verti-
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cal plane IP and OP there is under the tongue 38 still a
space S, which also extends all the way between IP and
OP.

Fig. 11 schematically shows the making of the groove
35 in the embodiment in Fig. 9. A rotating working tool
80 with a cutting element 81 of, for instance, hard metal
or diamond rotates about an axis A at a distance from the
locking element 8. Such horizontal working by means of a
tool with a relatively large diameter is possible thanks
to the locking element 8 being positioned on the same
level or on a level under the lower abutment surface 45
of the groove 36.

In connection with the laying, the major part of the
short sides is locked by snap action, as described above
with reference to Figs 8a-c. However, the first row is
frequently laid by angling together the short sides, in
the same manner as described for the long sides in con-
nection with Figs 7a-c. When taking up the boards, the
short sides can both be pulled apart along the joint and
be angled upwards. As a rule, upwards angling is a
quicker operation. The inventive locking system should
thus be designed while also taking into consideration the
possibility of angling the short side.

The aspects of the invention which include a sepa-
rate strip can preferably be implemented in combination
with use of an equalising groove of the kind described
in WO 94/26999. Adjacent joint edges are equalised in the
thickness direction by working of the underside, so that
the upper sides of the floorboards are aligned with each
other when the boards have been joined. Reference E in
Fig. la indicates that the body of the boards after such
working has the same thickness in adjacent joint edges.
The strip 6 is received in the groove and will thus be
partly flush-mounted in the underside of the floor. A
corresponding arrangement can thus be realised also in

combination with the invention as shown in the drawings.
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CLAIMS

1. A locking system for mechanical joining of floor-
boards (1), said locking system comprising a tongue-and-
groove joint (36, 38), the groove (36) and tongue (38)
of which have cooperating upper abutment surfaces (43,
49) and cooperating lower abutment surfaces (45, 52) for
vertical locking of two joint edges (4a, 4b) of two adja-
cent floorboards (1, 1'), said upper and lower abutment
surfaces (43, 49; 45, 52) being essentially parallel with
the principal plane of the floorboards (1), and said
locking system comprising, for horizontal mechanical
joining of the joint edges (4a, 4b) perpendicular to the
same, a locking groove (14) formed in the underside (3)
of a first one of the joint edges (4b) and extended in
parallel therewith, and a portion (P) projecting from the
second joint edge (4a) and integrated with a body (30,
32, 34) of the floorboard (1), said portion (P) support-
ing, at a distance from the joint edge (4a), a locking
element (8) cooperating with the locking groove (14),
wherein said tongue (38) is anglable into the groove
(36), and wherein the locking element (8) is insertable
into the locking groove (14) by mutual angular motion
of the boards (1, 1') about the joint edges (4a, 4b),
characterised in

that, in the joined state, the cooperating upper
abutment surfaces (43, 49) are limited horizontally
inwards from the joint edge and horizontally outwards
to the joint edge by an inner vertical plane (IP) and
an outer vertical plane (OP), respectively;

that the tongue-and-groove joint is so designed that
there is in the groove (45), in the joined state, between
the inner vertical plane (IP) and the outer vertical
plane (OP) and below the tongue (38), a space (S) which
extends horizontally from the inner vertical plane (IP)
and at least halfway to the outer vertical plane (OP);
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that the tongue-and-groove joint is further so
designed that the boards, during a final phase of the
inwards angling when the locking element is inserted into
the locking groove, can take a position where there is a
space (S) in the groove (36) between the inner and the
outer vertical plane (IP, OP) and below the tongue (38);
and

that the lower abutment surfaces (45, 52) are posi-
tioned essentially outside the outer vertical plane (OP).

2. A locking system as claimed in claim 1, wherein
said space (S) in the joined state is horizontally
extended below the tongue (38) essentially all the way
from the inner vertical plane (IP) to the outer vertical
plane (OP), so that essentially no part of the lower
abutment surfaces (45, 52) is positioned inside the outer
vertical plane (OP).

3. A locking system as claimed in claim 1 or 2,
wherein said space (S) during the final phase of the
inwards angling is horizontally extended below the tongue
(38) essentially all the way from the inner vertical
plane (IP) to the outer vertical plane (OP).

4. A locking system as claimed in any one of the
preceding claims, wherein the groove (36) in the joined
state has an upper and a lower horizontal surface which
constitute inwardly directed extensions of the upper
abutment surface (43) and the lower abutment surface
(45), respectively, of the groove (36), and wherein there
is in the joined state a horizontal play (A) between the
bottom of the groove (36) and the tip of the tongue (38).

5. A locking system as claimed in any one of the
pPreceding claims, wherein the outer vertical plane (OP)
is located at a horizontal distance inside a vertical
joint plane (F), which is defined by adjoining upper por-
tions (41, 48) of the joined joint edges (4a, 4b) of the
two boards (1, 1').

6. A locking system as claimed in any one of the
preceding claims, wherein the lower abutment surfaces
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(45, 52) are located at least partially outside a verti-
cal joint plane (F) which is defined by adjoining upper
portions (41, 48) of the joined joint edges (4a, 4b) of
the two boards (1, 1').

7. A locking system as claimed in claim 6, wherein
the major part of the lower abutment surfaces (45, 52)
is positioned outside the vertical joint plane (F) .

8. A locking system as claimed in any one of the
preceding claims, wherein the projecting portion (P) and
the groove (36) are arranged in one and the same joint
edge (4a) of the floorboard (1).

9. A locking system as claimed in any one of the
preceding claims, wherein the projecting portion (P) is
at least partially made in one piece with a body (30, 32,
34) of the floorboard (1).

10. A locking system as claimed in claim 9, where-
in the locking element (8) of the projection portion (P)
is positioned under or on a level with the lower abutment
surface (45) of the groove (36).

11. A locking system as claimed in any one of the
preceding claims, wherein the projecting portion (P) is
at least partially formed of a material other than that
of the body of the floorboard.

12. A locking system as claimed in claim 11, where-
in the projecting portion (P) is at least partially form-
ed of a separate strip (6) which is integrally connected
(60, 62, 64) with the board (1) by being mounted in the
factory.

13. A locking system as claimed in any one of the
preceding claims, wherein the projecting portion (P)
is resilient transversely of the principal plane of the
floorboards.

14. A locking system as claimed in any one of the
preceding claims, wherein the tongue (38) is insertable
into the groove (36) and the locking element (8) is
insertable into the locking groove (14) by a mutual hori-
zontal joining of the joint edges (5a, 5b) of the boards.
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15. A locking system as claimed in claim 14, wherein
the groove (36) has in its upper part a bevelled portion
(42) for guiding the tongue (38) into the groove (36).

16. A locking system as claimed in any one of the
preceding claims, wherein the projecting portion (P), in
the horizontal direction between the lower abutment sur-
faces (45, 52) of the tongue-and-groove joint on the one
hand and the locking element (8) of the projecting por-
tion (P) on the other hand, has a lower portion (7) which
is positioned below said lower abutment surfaces (45,

52) . ; ,

17. A locking system as claimed in any one of the
preceding claims, wherein the tongue (38) is anglable
into the groove (36) and the locking element (8) is
insertable into the locking groove (14) by said mutual
angular motion of the boards about upper portions (41,
48) of the joint edges (4a, 4b) while said upper portions
(41, 48) are held in mutual contact.

18. A floorboard (1) provided along one or more
sides with a locking system as claimed in any one of
the preceding claims.

19. A floorboard (1) as claimed in claim 18, which
has opposite long sides and short sides and which is
mechanically joinable along its long sides with long
sides of identical floorboards by downward angling and
which is mechanically joinable along its short sides with
short sides of identical floorboards by displacement
along said long sides.
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